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Aspirin is a strong antiaggregant used to prevent atherothrombotic cardiovascular events. However, the level of antiaggregant activity of aspirin is not the same in all patients and even some patients don't benefit at all. These patients are clinically known as aspirinresistant patients or aspirin-naive patients. [1] Shantsila et al. [2] described aspirin resistance as an inability to suppress thromboxane production with appropriate doses of aspirin. Weber et al. [3] classified aspirin resistance based on three main categories: Type 1: Pharmacokinetic, Type 2: Pharmacodynamic, Type 3: Pseudoresistance.
Incidence of the aspirin resistance is reported as 28% in a meta-analysis by Krasopoulos et al. [4] Aspirin resistance can be identified using various methods and devices, including bleeding time, optic aggregometry, platelet function analyzer (PFA-100), Ultegra rapid platelet-function assay (Ultegra-RPFA; Accumetrics, Inc., San Diego, California, USA), active coagulation time, whole blood aggregometry, platelet aggregation rate, flow cytometry, blood or urine thromboxane A2 level, and platelet surface proteins. [3] However, the most commonly used reliable and rapid methods are the verifynow system (bedside -photometric agregometric system) and PFA-100 laboratory test. The mechanism of development has not yet been fully clarified, and a number of studies have been conducted on this matter. [5, 6] The aim of the current study was to investigate the frequency of aspirin resistance development in the early postoperative period in patients who had undergone coronary artery bypass grafting (CABG) surgery, to learn whether or not this resistance is reversible, and determine the role of inadequate inhibition of thromboxane A2 production on the development of aspirin resistance in the early postoperative period.
PATIENTS AND METHODS
Prior to the commencement of the study, approval was obtained from the Ethics Committee of University (27.07.2009/ 2989). A total of 80 patients (55 males, 25 females; mean age 63.1±9.2 years; range 51 to 75 years) who were diagnosed with coronary artery disease (CAD) and scheduled for CABG were included in the study. All of the patients were informed on the study protocol and methodology, and signed written informed consent forms.
The exclusion criteria of patients were as follows: contraindication to aspirin, taking antiplatelet/ anticoagulant medication other than aspirin, undergoing of platelet transfusion within the first postoperative week, not being extubated within the postoperative 24 hours, and chronic renal insufficiency, thrombocytopenia (<100,000 platelets), or thrombocytosis (>500,000 platelets).
The operations were performed under a moderate systemic hypothermic cardiopulmonary bypass (CPB) in all patients. The hematocrit value was maintained around 20-25 mg/dL. Venous blood samples were obtained from the antecubital vein on the preoperative, postoperative seventh and fifteenth days from all patients and placed into citrated tubes. A maximum of four subjects were evaluated per day using the PFA-100 system.
The PFA-100 system is a cartridge-based device in which the adhesion and aggregation process of platelets is stimulated just like intracellular conditions after vascular injury to assess primary hemostasis. The platelet dysfunction detected by the PFA-100 system may be acquired, congenital or induced by agents that inhibit platelets such as aspirin. This system uses Collagen/Epinephrine (Col/Epi) and Collagen/ adenosine diphosphate (Col/ADP) cartridges. Each cartridge has a chamber that can hold up to 800 µL of blood absorbed through a capillary tube at a high shear rate. The absorbed blood passes through an aperture, the center of a membrane coated with fibrillar type 1 collagen. The membrane also contains epinephrine in the Col/Epi cartridge and ADP in the Col/ADP cartridge. The platelets adhere to the type 1 collagen as they pass through the aperture and are activated by an additional stimulant. This aperture is closed by the formation of the aggregate and the platelet plug. The period between the start of absorption and the end of blood flow is reported as closure time and the results are given in seconds. The system can measure up to 300 seconds, with any result above 300 is indicated as >300 sec.
Col/Epi is the main cartridge and is used first. If closure time is close to the upper limit of the normal values, the Col/ADP cartridge is applied. If the closure time of Col/ADP is normal, the result is attributed to aspirin use since the antithrombotic effect of aspirin prolongs the closure time of Col/Epi cartridge but does not change that of the Col/ADP. The limits were set as 85-165 sec for the former and 71-118 sec for the latter. In cases when Col/Epi closure time was less than 186 sec, aspirin resistance was diagnosed. [7] The first urine sample was taken from the patients on the morning of postoperative day 1. For the tests, the 11-dehydrothromboxane B2 EIA kit (catalog no. 519501) manufactured by Cayman Chemical for laboratory (Cayman Chemical, Michigan, USA) analyses was used.
Statistical analysis
Statistical analysis was performed using the SPSS for Windows version 13.0 statistical program (SPSS Inc., Chicago, IL, USA). Data was presented as arithmetic mean ± standard deviation. The Fisher exact test and Chi-square test were used to compare the patients with and without aspirin resistance according to age, gender, and smoking status. The t-test and Mann-Whitney U test were used to compare the independent samples in the patient and control groups. The correlation between the independent samples within the patient and control groups was evaluated based on Pearson and Spearman coefficients with p<0.05 being considered as significant in all statistical tests.
RESULTS
The demographic and clinical characteristics of the patients are shown in Table 1 . The patients who died within the first 24 hours of the operation were excluded from the evaluation.
The mean aortic cross-clamping (ACC) time was 58.56±25.99 min, the mean CPB time was 98.22±33.83 min, the mean extubation time was 9.79±4.48 hours, and the mean intensive care unit stay was 2.3 days. Four patients required an intra-aortic balloon pump due to low cardiac output syndrome and 16 patients developed renal dysfunction, which was defined as the creatinine level being above 1.2 mg/dL. The perioperative and postoperative data is shown in Table 2 .
Aspirin resistance was detected in 23 patients during the preoperative period (28.75%). The prevalence of diabetes mellitus diagnosis in patients with aspirin resistance in the preoperative period was statistically significantly higher than that of the non-resistant patients (p<0.01) ( Table 3) .
On postoperative day 7, aspirin resistance was detected in 31 patients (38.75%). Among them, eight patients had no aspirin resistance in the preoperative period. The mean CPB and ACC time of the patients with aspirin resistance were significantly higher than that of the non-resistant patients (p= 0.003, p= 0.029, respectively). The urinary 11-dehydrothromboxane B2 levels in patients with aspirin resistance were significantly higher than the patients without aspirin resistance (10.96±1.66 vs 4.90±1.62, p= 0.000). The results obtained on postoperative day 7 are given in Table 4 . The comparison of the results of the blood analysis with the patients with and without aspirin resistance revealed a statistical significant difference in hemoglobin and platelet count on postoperative day 1, 7, and 15 (p<0.05), (Table 5) .
Aspirin resistance was present in 23 patients in the preoperative period, 31 patients on postoperative day 7, and 25 patients on postoperative day 15. In brief, aspirin resistance developed in eight patients from the preoperative period to postoperative day 7, but six patients of these patients became responsive to aspirin by postoperative day 15, and aspirin resistance persisted in the remaining two patients.
DISCUSSION
In this study, aspirin resistance was shown to develop within the first seven days after CABG with a CPB; however, this resistance was mostly temporary. The findings that support this result are: (i) Aspirin resistance was detected in 23 patients in the preoperative period, 31 patients on postoperative day 7, and 25 patients on postoperative day 15; and (ii) six of the eight patients who had newly developed aspirin resistance by postoperative day 7 became responsive to aspirin by postoperative day 15, and aspirin resistance only persisted in the remaining two patients. In addition, our results suggest that the mechanism of inadequate aspirin inhibition of thromboxane A2 production is effective in the development of aspirin resistance in the early postoperative period and following CABG with a CPB. This finding is supported by the fact that the urinary 11-dehydrothromboxane B2 levels in the patients that had aspirin resistance on postoperative day 7 were significantly higher than in the non-resistant patients.
The incidence of aspirin resistance among the patients of this study was 28.8% (n=23) in the preoperative period. In the literature, there are several studies on the incidence of aspirin resistance. Grundmann et al. [8] used PFA-100 in 35 symptomatic patients with asymptomatic cerebrovascular disease, who received 100 mg aspirin daily, and found that aspirin resistance developed in 34% of symptomatic patients and 0% of asymptomatic patients. Roller et al. [9] determined the threshold value of Col/Epi closure time as 165 sec for the diagnosis of aspirin resistance and found the percentage of aspirin resistance to PFA-100 as 40%. Macchi et al. [10] reported a threshold value for Col/Epi closure time of 186 sec for the diagnosis of aspirin resistance, and reported that in patients with stable angina pectoris disease, who received 160 mg aspirin daily, 29.2% developed aspirin resistance according to PFA-100.
Hovens et al. [11] found the incidence of aspirin resistance to be 22.4% in CAD, 26% in stroke, and 27.3% in various other diseases. Aspirin resistance acquired after CABG is usually a temporary phenomenon observed during the first postoperative month. [6, 12] In a study of patients that underwent CABG, the antithrombotic effect of aspirin was investigated using a complete blood aggregometry test and PFA-100. [10] On postoperative day 10, the aspirin response was found to be poor in 11 patients and non-responsive in four patients. In the first month after surgery, the aspirin response was poor in only one patient and a non-response to aspirin was not detected.
Ballotta et al. [13] compared 30 on-pump and offpump CABG patients, and found that platelet activation was greater in the early postoperative period after on-pump surgery. During the two hours of the on-pump surgery, platelet aggregation induced by ADP decreased (0.89 versus 10.9%) and P-selectin positivity induced by active platelets increased (6 to 9.1%). Another study reported that the platelet activating factor (PAF)-induced platelet aggregation was significantly reduced by about half of the preoperative value following on-pump CABG but was significantly increased after off-pump surgery. [14] In light of this data, it could be stated that aspirin is more effective after off-pump CABG rather than after on-pump surgery. Similar to the literature, in the current study, the percentage of aspirin resistance was found to be 38.75% on postoperative day 7 and 31.25% on postoperative day 15.
Acquired aspirin resistance is temporary and not associated with genetic polymorphisms observed in persistent aspirin resistance, such as diabetes mellitus, hypercholesterolemia, and other comorbid diseases. The mechanism of aspirin resistance has not yet been fully elucidated. Therefore, it is necessary to briefly review the interaction of CPB, off-pump CABG, and concomitant medication with [15] The development of platelet hyperreactivity after CPB may reduce the antithrombotic effect of aspirin and contribute to the formation of aspirin resistance.
In previous studies, [16, 17] smoking was found to cause statistically significant increase in resistance to aspirin. This result was attributed to the increased platelet function caused by smoking. In the current study, no statistically significant relationship was observed between aspirin resistance and smoking. Hyperlipidemia may cause aspirin resistance by increasing platelet aggregation and thromboxane A2 levels and Friend et al. [18] showed that in patients with hyperlipidemia, the platelet response to aspirin is reduced. However, in the current study, no statistically significant relationship was found between aspirin resistance and hyperlipidemia. Hyperglycemia leads to platelet reactivity and increases thrombogenicity. Previous studies found that the incidence of aspirin resistance was no different between diabetic and nondiabetic patients, [17] [18] [19] [20] This was attributed to good glycemic control in the former patient group. Watala et al. [21] assessed the effect of 150 mg/day aspirin on platelet adhesion and aggregation in diabetic patients and a non-diabetic control group, and reported that the effect of aspirin was lower in the former. Based on the results, the authors suggested that higher doses of aspirin may be required in certain patients, particularly in high-risk diabetic patients. In a study conducted by Abaci et al., [22] 67% of diabetic patients who received 100 mg aspirin were shown to be responsive to aspirin by the PFA-100 method, and in the aspirin-resistant group (33%), 44% of the patients became responsive when the aspirin dose was increased to 300 mg. Similarly, in our study, the rate of diabetic mellitus diagnosis in patients with aspirin resistance was significantly higher than in the remaining patients. Also consistent with the literature, there was no statistically significant difference between the patients with and without aspirin resistance in terms of age, gender, CAD, stroke, PAD, and hypertension.
No statistically significant correlation was found between aspirin resistance and drugs affecting the cardiovascular system (e.g., ACEI, beta-blockers, statins, calcium channel blockers, and diuretics) used by the patients in this study. In the literature, studies investigating this correlation have found that aspirin resistance only had a high correlation in the patient group that were taking statins. This paradox situation was explained by the possible interaction between statins and aspirin, resulting in reduced antiaggregant effect of the latter, the antithrombotic effects of statins in hyperlipidemic patients that may occur once lipid levels normalize, and increased platelet aggregation due to hyperlipidemia. [23] Some non-steroidal analgesic antiinflammatory drugs (e.g., indomethacin, ibuprofen, naproxen, and metamizol) temporarily bind to COX-1 in platelets and prevent the irreversible inhibition of platelet thromboxane formation. [24, 25] In particular, the globally common use of analgesics such as dipyrone (metamizole) in management of postoperative pain is important in terms of the drug interaction with aspirin in the early period after CABG.
The identification of aspirin non-responsiveness with laboratory tests based on the detection of platelet inhibition caused by aspirin is associated with clinical atherothrombotic events, such as the presence of graft thrombosis, which results in the clinical diagnosis of aspirin resistance. In a meta-analysis of 20 studies involving 2,930 patients, aspirin resistance was found to be 28% in atherosclerotic patients. Cardiovascular events were observed in 33% of the aspirin-resistant patients and 16% of the aspirin-responsive patients, and non-fatal, lethal, cerebrovascular, and vascular events were approximately four times higher (odds ratio 3.85) in patients that were unresponsive to aspirin. The odds ratio was 4.06% for acute coronary syndrome, 4.35% for graft failure, and 3.78% for new cerebrovascular events. In addition, the increased mortality odds ratio in patients with aspirin resistance was 5.99%. [4] A study on the benefits and risks of acetylsalicylic acid on thrombosis was the first prospective multicenter study to investigate the clinical events in aspirin-respondents and nonrespondents among CABG patients. [26] In that particular study, aspirin resistance was evaluated in 289 patients based on the measurement of hemorrhage time, including the comparison of the prevalence of preoperative and postoperative aspirin resistance. According to the results, the hemorrhage time was statistically significantly longer in aspirin responders. The prevalence of aspirin resistance before and after surgery, and hemorrhage time was statistically significantly prolonged in aspirin-sensitive patients. Surprisingly, thromboxane synthesis was significantly inhibited in both the resistant and non-resistant groups with no significant difference being observed between the two groups at two-year follow-up in terms of the risk of thrombotic events.
